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Introduction
A large proportion of pregnant women in Australia, 1, 2 as well as France 3 and the United Kingdom (UK), 4 have been found to consume alcohol during pregnancy. Heavy antenatal alcohol use can cause a number of adverse birth outcomes. [5] [6] [7] [8] The effects of low to moderate alcohol use are less clear. 9 Although a number of studies have shown no harm, 7,10 a recent review of systematic reviews and meta-analyses reported that 30-40g of alcohol on one occasion, or 70g per week, increases the risk of neuro-developmental problems and preterm birth. 9 Adding to the confusion, genetic factors appear to vary the outcomes of antenatal alcohol use. 11, 12 To identify women at risk of an alcohol-exposed pregnancy and potential negative outcomes, there is a need to first determine what factors predict alcohol consumption by pregnant women.
The literature has been inconsistent in identifying the predictors of antenatal alcohol use.
Studies have been limited by relying on non-population-based samples, [13] [14] [15] univariate analysis, 6, 14, 15 retrospective measures 16 and inappropriate comparison groups (e.g. women not of legal age to purchase or consume alcohol). 13 To overcome individual study limitations,
Predictors of antenatal alcohol use among Australian women 6
The sample for this study was drawn from the 1973-78 cohort. This cohort was aged [18] [19] [20] [21] [22] [23] when recruited in 1996 and were broadly representative of the population of similarly aged Australian women at that time. 21 Participants completed surveys in 1996, 2000, 2003, 2006 , and 2009 which have been referred to as surveys one, two, three, four and five, respectively.
Women were eligible for the current analysis if they indicated they were pregnant at survey two, three, four or five. The target survey was defined as the first survey from surveys two to five that the participant reported being pregnant and the respective pregnancy was referred to as the target pregnancy. This approach was taken to enable examination of pre-pregnancy behaviours (such as alcohol use) based on previously completed surveys prior to the target survey. Exclusion criteria for the current analysis are presented in Figure 1 .
Measures
Thirty-six variables were investigated as potential predictors of antenatal alcohol use. The types of variables that were included in the analysis included socio-demographics, reproductive health, mental health, physical health, health behaviours, alcohol guidelines and health care variables. The variables and their response categories are presented in Table 1 and 
Primary Outcome
The main outcome was alcohol use during pregnancy. For all women who reported a pregnancy at the target survey, their alcohol consumption at that time was coded as either "no alcohol intake" or "some alcohol intake". This was determined by using the alcohol frequency item, which had the following response format: I never drink alcohol, less than once a month, less than once a week, on 1 or 2 days a week, on 3 or 4 days a week, on 5 or 6 days a week, everyday. Responses were dichotomised into "I never drink alcohol" versus all other responses. The frequency and quantity of alcohol use were identified for descriptive purposes for participants that reported some alcohol intake during pregnancy. The item used to identify the quantity of alcohol use had the following response format originally: 1 or 2 drinks per day, 3 or 4 drinks per day, 5 to 8 drinks per day, 9 or more drinks per day.
Statistical Analysis
Analyses were conducted using SPSS (version 19). Descriptive statistics were calculated for items in the target survey, except for pre-pregnancy measures, which were taken from the survey prior to the target survey. Univariate logistic regression was used to assess the relationships between alcohol use during pregnancy and the 36 variables. All variables which demonstrated a statistically significant (p<0.05) association with the outcome variable were subsequently used in a multivariate logistic regression model using a backwards stepwise approach with an inclusion cut-point of p<0.01. The prevalence of antenatal alcohol use was Predictors of antenatal alcohol use among Australian women 9 then calculated for the different levels of the final predictors to see how it varied for each predictor.
Missing Data Analysis
The majority (91.6%) of women did not have any missing observations on the 36 potential predictor variables, with approximately 1% of the sample having three or more missing variables. The Pearson's chi-squared test that was run to examine the impact of missing data was not statistically significant (χ 2 =0.38, df=1, p=0.06), suggesting there was no bias in the outcome variable. Full Information Maximum Likelihood estimation was then used to impute missing data, as this has been found to be less biased and more efficient than other methods.
26

Results
Of the 2496 women who indicated they were pregnant at survey two, three, four or five, 1969
(78.9%) women were included in the analyses (see Figure 1 ). Of those 1969 participants, 388 (19.7%), 451 (22.9%), 612 (31.1%), 518 (26.3%) were pregnant at survey two, three, four or five, respectively. The women's ages ranged from 22 to 37 years. Most participants had a tertiary education or higher (72.4%; n=1426) and were in a relationship with a partner (96.1%; n=1893). About half the women lived in major cities (52.0%; n=1024) and nearly two-thirds (64.1%; n=1263) were not at all or only somewhat stressed about money. Table 1 and Table S1 contain the descriptive characteristics of the 1969 participants.
A large proportion (82.0%; n=1614) of the 1969 participants consumed some alcohol during pregnancy, while the remaining 355 (18.0%) women indicated abstinence. Of the women who were pregnant during the times that the alcohol guidelines promoted abstinence, 22.0%
did not drink during pregnancy, whereas 14.7% of women under the low alcohol guidelines Predictors of antenatal alcohol use among Australian women 10 chose to abstain (p<0.001). The women who drank alcohol during pregnancy (n=1614)
reported low alcohol usage (Table 2) . Most often drinking no more than one to two days per week (90.3%; n=1457) and consuming one to two drinks per drinking day (76.9%; n=1241).
Univariate logistic regression revealed the following 12 of 36 potential predictor variables were significantly (p<0.05) related to alcohol use during pregnancy (Table 1) : age, previous general health, highest educational attainment, area of residence, GP use, possessing a Health Care Card, having had fertility problems, having ever been in a violent relationship with a partner, ever using illicit drugs, frequency of previous alcohol consumption, previous binge alcohol use, and the alcohol guidelines that were in place during pregnancy. These variables were then examined together in a multivariate logistic regression model. Variables that were not found to be significantly related to antenatal alcohol use are contained in Table S1 .
Factors retained in the final model of predictors of alcohol use during pregnancy are shown in Figure 2 . Prior drinking behaviour was found to have a significant impact on drinking during pregnancy, even after controlling for other influencing factors. Women who drank weekly prior to pregnancy were around 50% more likely to continue to drink during pregnancy than women who drank less than weekly (87.0% vs 78.1%, OR=1.47, 95%CI=1. 
Discussion
Main Findings
This study is the first to assess a wide range of predictors of drinking during pregnancy amongst Australian women by using a population-based sample with prospective measures of alcohol use and pregnancy. For women who drink alcohol before pregnancy, the majority (82%) continue to drink during pregnancy. The probability of women drinking during pregnancy increased if they had previously consumed alcohol on a weekly basis or through binge drinking, or if they were pregnant during the time of the low alcohol guidelines.
Possessing a Health Care Card or having reported fertility problems reduced the likelihood of drinking during pregnancy. However, regardless of the women's characteristics the prevalence of alcohol use during pregnancy remained high (over 70%).
The results suggest that conservative drinking guidelines may influence the behaviour of pregnant women. However, even under the abstinence guidelines, 78% of women continued to drink alcohol while pregnant. Considering this proportion appears to be only slightly lower than the 85% of pregnant women consuming alcohol under the low alcohol guidelines, it is understandable that previous studies have not detected a significant change in drinking behaviour as a result of a change in alcohol guidelines. Similar to prior research, 20 this study found that women who had fertility problems were less likely to consume alcohol during pregnancy. Whether this was due to self-education, advice from a health professional, fear of potential negative outcomes, or is reflective of a general adoption of a healthy lifestyle, is unknown and more research is needed. There is some evidence to suggest that alcohol use may reduce a woman's chances of falling pregnant.
28,29
Therefore, if a woman seeks help from a health care professional when having problems falling pregnant, she might be more likely to be advised of the behavioural changes she can make to increase her chances of conceiving as recommended by evidence-based guidelines and protocols.
30,31
Socio-economic status also appears to influence the risk of antenatal alcohol consumption, as this study found that pregnant women with a Health Care Card (a marker for lower income)
were less likely to drink alcohol. This is consistent with previous findings that some Australian health professionals were more likely to address alcohol use with women they saw to be at higher risk, such as those from lower socio-economic backgrounds. 32 Additionally, previous research found that women from higher income groups are more likely to consume alcohol during pregnancy. 15 
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Risky and regular alcohol use by women of childbearing age that may become pregnant should be addressed, as this study found that weekly alcohol intake and a tendency to binge drink prior to pregnancy increased the likelihood of antenatal alcohol consumption. This is consistent with the literature to date which has found that pre-pregnancy alcohol consumption is one of the best indicators of drinking during pregnancy. 17 Brief motivational interviewing aimed at increasing effective contraception use and reducing risky drinking could help prevent alcohol-exposed pregnancies in this population. 35 Considering the prevalence of unplanned pregnancies may range from about 30-50%, 36,37 such interventions would be ideal for primary prevention. Additionally, advice for those planning on becoming pregnant should focus on the fact that the first trimester is a particularly sensitive time, and teratogens such as alcohol should be avoided to prevent risks to crucial development during this stage.
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Strengths and Weaknesses
Including only previous drinkers in this study helped to ensure the effects of pre-pregnancy drinking were not inflated due to the inclusion of non-drinkers. By utilising a large population-based cohort study, a multitude of potential predictors were able to be investigated within one analysis providing a comprehensive view of the determinants of alcohol intake amongst a broad range of pregnant Australian women. The use of longitudinal data meant the impact that changing alcohol guidelines have had on women's antenatal alcohol use could be investigated. The results are strengthened by the fact that alcohol use was measured at the same time the women reported being pregnant, thereby allowing us to identify those who drank during pregnancy without using a retrospective measure or a specific question about alcohol consumed during pregnancy.
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This study is not without limitations. Due to variations in survey items across time and inconsistencies in the data, it was not possible to investigate certain variables that may be of interest such as gravidity and stage of pregnancy. These factors have been measured in previous studies with no consistent evidence to suggest they would have had a significant impact on the outcome. 17 The study was limited by its reliance on self-report measures which lends itself to bias. However, self-report has been found to be more effective than other methods of assessing antenatal alcohol use, such as medical reports. 39 Previous research has found self-report to be a reliable measure of smoking among pregnant women when validated using biological measures. 40 Considering the stigma about antenatal smoking, it is likely that women's self-report is also a good indicator of other behaviours. Observational cohort studies are often prone to attrition bias. Previous analyses of this longitudinal study found that the relationships between variables in the longitudinal study are unlikely to be significantly biased by attrition rates.
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Interpretation
This study has provided a strong level of evidence for the predictive value of pre-pregnancy drinking on antenatal alcohol use. The findings infer that women drinking alcohol on a weekly basis or through risky episodic drinking are more likely to continue drinking during pregnancy. Within the scope of the Hill's criteria, 42 this association is enhanced by the strength of the association (i.e. women that binged were more than two times more likely to continue drinking), the temporal relationship ensured by longitudinal data, and the consistency with previous studies findings. It is also plausible that an underlying biological component may be contributing to the association, as neuroimaging studies have found differences in brain region activation between people with different drinking behaviours. Predictors of antenatal alcohol use among Australian women 29 Previous smoking
